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Description 

This invention relates to a process for polymerizing an olefin and to a polymerization catalyst. More 
specifically, it relates to a process for producing a homopolyolefin having high stereoregularity or a 

s copolyolefin having a narrow composition distribution. 

Many proposals have already been made for the production of a solid catalyst component consisting 
essentially of magnesium, titanium, halogen and an electron donor, and it is known that by using this solid 
catalyst component in the polymerization of an alpha-olefin having at least 3 carbon atoms, a polymer 
having high stereoregularity can be produced in high yield. 

10 Many of the solid catalyst components so far proposed have not proved to be entirely satisfactory with 
regard to characteristics such as catalyst activity and stereoregularity, and still leave room for improvement. 

For example, a stereoregular polyolefin produced with such a solid catalyst is generally used without 
separation of the catalyst after polymerization. If the yield of the polymer per unit amount of the solid 
catalyst is low, the amount of the catalyst remaining in the polyolefin becomes large and the quality of the 

is polyolefin is degraded. 

Furthermore, since the polyolefin containing a large amount of the solid catalyst has a relatively high 
halogen content, it will cause corrosion of the molding equipment. To prevent corrosion of the molding 
equipment by the remaining halogen, the solid catalyst desirably has a high yield per unit amount thereof. 
To meet such a requirement, the present applicants have proposeed catalysts formed from (A) a highly 

20 active titanium catalyst component consisting essentially of magnesium, titanium, halogen and an electron 
donor, (B) an organometallic compound and (C) a particular organosilicon compound catalyst component, 
and processes for polymerizing or copolymerizing olefins in the presence of these catalysts (see JP-A- 
83006/1983, JP-A-1 38705/1 983 JP-A-1 38706/1 983. JP-A-1 38707/1 983, JP-A-1 38708/1 983, JP-A- 
138709/1983, JP-A-1 3871 0/1 983 and JP-A-1 3871 5/1 983). 

25 The above catalysts show high catalytic activity, and can give polymers having excellent stereoregular- 
ity. However, the development of catalysts showing higher catalytic activity is by no means undesirable. 

Because of its excellent physical properties, polypropylene finds extensive use in a wide range of fields, 
for example in the field of packaging films. In this use, it is general practice to offer it as a pro- 
pylene/ethylene copolymer having an ethylene content of about 1 to 5 % by weight for increased heat- 

30 scalability at low temperatures. Films of such a modified polypropylene have the advantage of possessing 
better transparency or scratch resistance than films of low-density polyethylene used as packaging films, 
but have inferior heat-sealability at low temperature. To increase the heat sealability further, it is known to 
further increase the amount of ethylene copolymerized. In this case, however, the proportion of a soluble 
copolymer having no valuable use increases, and the yield of the desired copolymer is lowered. Moreover, 

35 in slurry polymerization, the properties of the slurry during polymerization are degraded, and the poly- 
merization becomes difficult in some cases. 

To circumvent these problems, JP-A-35487/1974, JP-A-791 95/1 976 and JP-A-1 6588/1 977 propose a 
process for copolymerizing propylene with ethylene and an alpha-olefin having at least 4 carbon atoms 
using a conventional titanium trichloride-type catalyst. In this process, the proportion of the solvent-soluble 

40 polymer is less than the case of copolymerizing propylene and ethylene. However, when it is compared 
with the homopolymerizing of propylene, the proportion of the solvent-soluble polymer formed is large, and 
this tendency becomes greater as the amount of ethylene or the alpha-olefin having at least 4 carbon atom 
increases. 

The present inventors found that when a supported catalyst formed from a solid titanium catalyst 
45 component, an organometallic compound catalyst component and an electron donor catalyst component is 
used in the copolymerization of propylene, ethylene and an alpha-olefin having at least 4 carbon atoms, the 
proportion of the soluble polymer can be further decreased, and better results can be obtained, both in the 
yield of the desired copolymer and in catalyst efficiency. This technique was proposed in JP-A-26891/1979. 
A marked improvement was observed by the use of the catalyst specifically disclosed in this document, 
so However, when it is desired to produce a copolymer having a fairly high content of ethylene, a porridge-like 
copolymer forms which degrades the properties of the slurry, and it becomes difficult to continue the 
polymerization. As a result, a solid polymer cannot be obtained in a sufficiently high yield. If the ethylene 
content cannot be increased in the production of a copolymer having a low melting point, there is no choice 
but to increase the content of the alpha-olefin having at least 4 carbon atoms. However, since the alpha- 
55 olefin has a lesser effect in lowering the melting point of the polymer, and the rate of copolymerization is 
slower, it is not wise to increase the content of the alpha-olefin having at least 4 carbon atoms more than 
necessary. 
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The present inventors furth r proposed in JP-A-47210/1984 a process by which a copolymer of 
propylene, ethylene and an alpha-olefin having at least 4 carbon atoms, which has a narrow composition 
distribution and excellent heat sealability suitable for film applications, can be obtained in a large amount 
and a high yield while reducing the undesirable formation of the by-product soluble copolymer. The 

5 copolymer obtained by this method, however, does not have sufficent heat-sealability, heat-seal imparting 
property, transparency and antiblocking property, and its hydrocarbon-soluble content is not so small as to 
be sufficiently satisfactory. 

Propylene copolymers obtained by block copolymerization instead of random copolymerization are also 
known. These block propylene copolymers are much used in containers, automotive parts, low-temperature 

w heat sealable films, and high impact films. 

Generally, the impact strength of the above block copolymers can be effectively improved by 
increasing the proportion of a rubbery copolymer. However, this frequently entails problems such as the 
increasing tendency of polymer particles to become sticky, the adhesion of the polymer particles to the 
inside walls of the equipment, and the difficulty of performing the operation stably and continously for an 

15 extended period of time. Particularly in gaseous phase polymerization, the degraded flowability of the 
polymer particles caused by their increased sticking tendency becomes a fatal operational defect. Further- 
more, in slurry polymerization, too, the amount of a solvent-soluble polymer increases and the viscosity of 
the slurry increases unduly to make the polymerization operation difficult. In addition, the amount of a 
rubbery polymer taken into the solid polymer does not increase to a desired extent. Polymer particles 

20 obtained by such a polymerization conducted in an unsatisfactory state have a low bulk density and poor 
flowability, and have many defects in after-treatment operations such as conveying or melt-processing. 

The present invention seeks to provide a novel polymerization catalyst having high polymerization 
activity and which is capable of giving a homopolyolefin having excellent stereoregularity or a copolyolefin 
having a narrow composition distribution, and a polymeriation process using this catalyst. 

25 The present invention also seeks to provide an olefin polymerization catalyst of which the polymeriza- 
tion activity does not easily decrease over time and which can give polyolefin particles having excellent 
particle size distribution, particle size, particle shape and bulk density, and a process for polymerizing 
olefins using this catalyst. 

: The present invention further seeks to provide an olefin polymerization catalyst of which the polymeriza- 
30 tion activity does not decrease even when used in the presence of a molecular-weight controlling agent 
such as hydrogen in the polymerization of an olefin to produce a polymer having a controlled melt flow rate, 
and a process for polymerizing oelfins using this catalyst. 

The present invention yet further seeks to provide an olefin polymerization catalyst capable of giving an 
olefin polymer having a lesser amount of a hydrocarbon-soluble component and a narrower composition 
35 distribution than polymers obtained using conventional catalysts, and a process for polymerizing olefins 
using this catalyst. 

The present invention additionally seeks to provide an olefin polymerization catalyst which gives a 
propylene copolyer such as a propylene random copolymer having excellent heatsealability, heat-seal 
imparting property, trasparency and antiblocking propery and contains less hydrocarbon-soluble compo- 
40 nents, and a polymerization process using this catalyst. 

The present invention also seeks to provide a catalyst for the production of a propylene block 
copolymer having excellent rigidity, impact strength, flowability and low-temperature heat sealability with 
good operability, and a polymerization process. 

The present invention provides a polymerization process which comprises polymerizing or copolymeriz- 
45 ing olefins in the presence of an olefin polymerization catalyst formed from 

(A) a solid titanium catalyst component containing magnesium, titanium and halogen as essential 
ingredients, 

(B) an organoaluminium compound, and 

(C) an organosilicon compound represented by the following formula (II) 

50 

SiR 2l R* 2 (OR23) 3 - m 

wherein R 21 represents a cyclopentyl group; a cyclopentenyl group; a cyclopentadienyl group; a 
cyclopentyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms, an alkyl group having 2 
55 to 4 carbon atoms substituted by a cyclopentyl group which may be substituted by 1 to 4 alkyl groups 
having 1 to 4 carbon atoms; a cyclopentenyl group substituted by 1 to 4 alkyl groups having 1 to 4 
carbon atoms; a cyclopentadienyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms; 
or an indenyl, indanyl, tetrahydroindenyl or fluorenyl group which may be substituted by 1 to 4 alkyl 
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groups having 1 to 4 carbon atoms; 

R 22 and R 23 , which may be identical or different, ach represents a hydrocarbon group; and 

0£m<3 

5 

The present invention also provides an olefin polymerization catalyst formed from 

(A) a solid titanium catalyst component containing magnesium, titanium and halogen as essential 
ingredients, 

(B) an organoaluminium compound, and 

w (C) an organosilicon compound represented by the following formula (II) 

SiR 21 R£ 2 (OR 23 ) 3 -m 

wherein R 21 represents a cyclopentyl group; a cyclopentenyl group; a cyclopentadienyl group; a 
15 cyclopentyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms, an alkyl group having 2 
to 4 carbon atoms substituted by a cyclopentyl group which may be substituted by 1 to 4 alkyl groups 
having 1 to 4 carbon atoms; a cyclopentenyl group substituted by 1 to 4 alkyl groups having 1 to 4 
carbon atoms; a cyclopentadienyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms; 
or an indenyl, indanyl, tetrahydroindenyl or fluorenyl group which may be substituted by 1 to 4 alkyl 
20 groups having 1 to 4 carbon atoms; 

R 22 and R 23 , which may be identical or different, each represents a hydrocarbon group; and 

0^m<3 

25 The solid titanium catalyst component (A) used in this invention is a highly active catalyst component at 
least comprising magnesium, titanium and halogen. Particularly, a solid titanium catalyst component 
containing magnesium, titanium, halogen and an electron donor is preferred because it has high activity and 
gives a polymer having high stereoregularity. 

The solid titanium catalyst component (A) may be prepared by contacting a magnesium compound and 

30 a titanium compound as hereinafter described. 

The titanium compound used in the preparation of the solid titanium catalyst component (A) in the 
present invention may be, for example, a tetravalent titanium compound represented by the formula Ti(OR)- 
gX4_ g wherein R represents a hydrocarbon group, preferably an alkyl group having 1 to 4 carbon atoms, X 
represents a halogen atom, and 0£g£4. Examples of the titanium compound include titanium tetrahalides 

35 such as TiCU, T\Bu and TiU; 

alkoxytitanium trihalides such as Ti(OCH 3 )CI 3 , Ti(OC2H 5 )CI 3 , Ti(On-C4H 9 )CI 3 , 

Ti(OC 2 H 5 )Br 3 and Ti(0 iso-C*H 9 )Br 3 ; dialkoxytitanium dihalides such as Ti(OCH 3 >2Cl2. TifO&HsfeCfe, Ti(0 
n-CttafeCfe and Ti(OC 2 H 5 )2Br2; 

trialkoxytitanium monohalides such as Ti(OCH 3 ) 3 CI, Ti(OC2H 5 ) 3 CI, Ti(0 n-CiHgJsCI and 
40 Ti(OC2H 5 ) 3 Br; and tetraalkoxytitaniums such as Ti(OCH 3 )*, Ti(OC2H 5 )4 and Ti(0 n-C^Hg)*. 

Among these, the halogen-containing titanium compounds, especially titanium tetrahalides, are pre- 
ferred. These titanium compounds may be used singly or in a combination of two or more. They may be 
used as dilutions in hydrocarbon compounds or halogenated hydrocarbons. 

The magnesium compounds used in the preparation of the solid titanium catalyst component may be, 
45 for example, a magnesium compound having reducibility and a magnesium compound having no re- 
ducibility. 

The magnesium compound having reducibiilty may be, for example, a magnesium compound having a 
magnesium-carbon bond or a magnesium-hydrogen bond. Specific examples of the magnesium compound 
having reducibility include dialkyl magnesiums such as dimethyl magnesium, diethyl magnesium, dipropyl 

so magnesium, dibutyl magnesium, ethylbutyl magnesium, diamyl magnesium, dihexyl magnesium and 
didecyl magnesium; monoalkyl magnesium monohalides such as ethyl magnesium chloride, propyl magne- 
sium chloride, butyl magnesium chloride, hexyl magnesium chloride and amyl magnesium chloride; 
butylethoxymagnesium; and butyl magnesium halides. These magnesium compounds may be used as such 
or as a complex with an organoaluminium compound as hereinafter described. These magnesium com- 

55 pounds may be liquid or solid. 

Specific examples of the magnesium compound having no reducibiilty include magnesium halides such 
as magnesium chloride, magnesium bromide, magnesium iodide and magnesium fluoride; alkoxy magne- 
sium halides such as methoxy magnesium chloride, ethoxy magnesium chloride, isopropoxy magnesium 
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chloride, butoxy magnesium chloride and octoxy magnesium chloride; aryloxy magnesium halides such as 
phenoxy magnesium chloride and methylphenoxy magnesium chloride; alkoxy magnesiums such as ethoxy 
magnesium, isopropoxy magnesium, butoxy magnesium, n-octoxy magnesium and 2-ethylhexoxy magne- 
sium; aryloxy magnesiums such as phenoxy magnesium and dimethylphenoxy magnesium; and carboxylic 

5 acid salts of magnesium such as magnesium laurate and magnesium stearate 

The magnesium compound having no reducibility may be a compound derived from the magnesium 
compound having reducibility separately or at the time of preparing the catalyst component. This may be 
effected, for example, by contacting the magnesium compound having reduciblity with such a compound as 
a polysiloxane compound, a halogen-containing silane compound, a halogen-containing aluminium com- 

70 pound, an ester or an alcohol. In addition to the above magnesium compounds having reducibility and those 
having no reducibility, the magnesium compound used in this invention may also be a complex compound 
or a double compound with another metal or a mixture with another metal compound 

In the present invention, the magnesium compounds having no reducibility are preferred, and halogen- 
containing magnesium compounds are especially preferred. Above all, magnesium chloride, alkoxy magne- 

J5 sium chlorides and aryloxy magnesium chlorides are preferred. 

In the preparation of the solid titanium catalyst component (A) in this invention, it is preferred to use an 
electron donor, for example, oxygen-containing electron donors such as alcohols, phenols, ketones, 
aldehydes, carboxylic acids, organic or inorganic acid esters, ethers, acid amides and acid anhydrides, and 
nitrogen-containing electron donors such as ammonia, amines, nitrites and isocyanates. Specific examples 

20 include alcohols having 1 to 18 carbon atoms which may have an alkyl group such as methanol, ethanol, 
propanol, pentanol, hexanol, octanol, 2-ethylhexanol, dodecanol, octadeyl alcohol, benzyl alcohol, 
phenylethyl alcohol, cumyl alcohol and isopropylbenzyl alcohol; phenols having 6 to 25 carbon atoms such 
as phenol, resol, xylenol, ethylphenol, propylphenol, cumylphenol, nonylphenol and naphthol; ketones 
having 3 to 15 carbon atoms such as acetone, methyl ethyl ketone, methyl isobutyl ketone, acetophenone 

25 and benzophenone; aldehydes having 2 to 15 carbon atoms such as acetaldehyde, propionaldehyde, 
octylaldehyde, benzaldehyde, tolualdehyde and naphthaldehyde; organic acid esters having 2 to 30 carbon 
atoms such as methyl formate, ethyl acetate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl acetate, 
ethyl propionate, methyl butyrate, ethyl valerate, ethyl stearate, methyl chloroacetate, ethyl dichloroacetate, 
methyl methacrylate, ethyl crotonate, dibutyl maleate, diethyl butylmalonate, diethyl dibutylmalonate, ethyl 

30 cyclohexanecarboxylate, diethyl 1 ,2-cyclohexanedicarboxylate, di-2-ethylhexyl 1 ,2-cyclohexanedicarbox- 
ylate, methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl 
benzoate, phenyl benzoate, benzyl benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl ethylben- 
zoate, methyl anisate, ethyl anisate, ethyl ethoxy benzoate, dimethyl phthalate, diethyl phthalate, dibutyl 
phthalate, dioctyl phthalate, gam mabutyro lactone, delta-valerolactone, coumarine, phthalide and ethylene 

35 carbonate; inorganic acid esters such as ethyl silicate, butyl silicate, vinyltriethoxysilane, phenyltriethox- 
ysilane and diphenyldiethoxysilane; acid halides having 2 to 15 carbon atoms such as acetyl chloride, 
benzoyl chloride, tolyl chloride, anisoyl chloride and phthaloyl dichloride; ethers having 2 to 20 carbon 
atoms such as methyl ether, ethyl ether, isopropyl ether, butyl ether, amyl ether, tetrahydrofuran, anisole 
and diphenyl ether; acid amides such as acetamide, benzamide and toluamide; acid anhydrides such as 

40 benzoic anhydride and phthalic anhydride, amines such as methylamine, ethylamine, diethylamine, 
tributylamine, piperidine, tribenzylamine, aniline, pyridine, picoline and tetramethylethylenediamine; and 
nitrites such as acetonitrile, benzonitrile and tolunitrile. 

An organosilicon compound represented by the following formula (I) 

45 R n Si(OCRVn (I) 

wherein R and R* each represents a hydrocarbon group, and n is 0Sn<4 
may also be used as the electron donor. 

Specific examples of the organosilicon compound of general formula (I) include tri methyl methoxysi lane, 

so trimethylethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, diisopropyldtmethoxysilane, t-butyl- 
methyldimethoxysilane, t-butylmethyldiethoxysilane, t-amylmethyldiethoxysilane, diphenyldimethoxysilane,. 
phenylmethyldimethoxysilane, diphenyldiethoxysilane, bis-o-tolyldimethoxysilane, bis-m-tolyldimethox- 
ysilane, bis-p-tolyldimethoxysilane, bis-p-tolyldiethoxysilane, bisethylphenyldimethoxysilane, dicyclohexyl- 
dimethoxysilane, cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane, ethyltrimethoxysilane, 

55 ethyltriethoxysilane, vinyltrimethoxysilane, methyltrimethoxysilan , n-propyltriethoxysilane, d cyltrimethox- 
ysilane, decyltriethoxysilan , phenyltrimethoxy silane, gamma-chloropropyltrimethoxysilane, methyltriethox- 
ysilane, ethyltriethoxysilane, vinyltriethoxysilane, t-butyltriethoxysilane, n-butyltriethoxysilan , iso-butyl- 
triethoxysilane, phenyltriethoxysilane, gam ma-am inopropyltriethoxy si lane, chlorotriethoxysilane, ethyl- 
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triisopropoxysilane, vinyltributoxysilan , cyclohexyltrimethoxysilane, cyclohexyltriethoxysilane, 2-norbor- 
nanetrimethoxysilane, 2-norbomanetriethoxysilane, 2-norbornanemethyldimethoxysilane, ethyl silicate, butyl 
silicate, trimethylphenoxysilane, methyltriallyloxysilane, vinyltris(beta-methoxyethoxysilane) ) vinyltriacetox- 
ysilane, and dimethyltetraethoxydisiloxane. 

Among these organosilane compounds preferred are ethyltriethoxysilane, n-propyltriethoxysilane, t- 
butyltriethoxysilane, vinyltriethoxysilane, phenyltriethoxysilane, vinyltributoxysilane, diphenyldimethoxysilane, 
phenylmethyldimethoxysilane, vis-p-tolyldimethoxysilane, p-tolylmethyldimethoxysilane, dicyclohexyl- 
dimethoxysilane, cyclohexylmethyldimethoxysilane, 2-norbornanetriethoxysilane, 2-norbornanemethyl- 
dimethoxysiiane and diphenyldiethoxysilane. 

Organosilicon compounds having a cyclopentyl group, a cyclopentenyl group, a cyclopentadienyl 
group, or a derivative of any of these groups may also be used. Examples include those of formula (II) as 
hereinafter defined. 

These electron donors may be used singly or in combination. 

Esters are electron donors which are desirably included in the titanium catalyst component. Examples 
of these esters are compounds represented by the following formulae: 



R 3 -C-COOR 1 



R 3 -CH-COOR 1 



4 11 2 
R -u-COOR , 



R 4 -CH-COOR 2 , 



R 3 \ COOR 1 



R 



\ 2 
COOR , 



r\ CH--COOR 1 
\ / 2 

^4 ^ o 



CH 2 -COOR , 



R 3 -C-OCOR 5 



R 3 -C-COOR 1 



4 i 6 4i «; 

R -C-OCOR or R -C-OCOR 



wherein R 1 represents a substituted or unsubstituted hydrocarbon group, R 2 , R 5 and R 6 each 
represents a hydrogen atom or a substituted or unsubstituted hydrocarbon group, and R 3 and R* each 
represents a hydrogen atom or a substituted or unsubstituted hydrocarbon group, at least one of them 
preferably representing a substituted or unsubstituted hydrocarbon group, or R 3 and R 4 may be linked to 
each other. 

Examples of the substituted hydrocarbon groups for R 1 through R 5 are hydrocarbon groups having 
groups containing hetero atoms such as N, 0 and S, for example, C-O-C, COOR, COOH, OH, SO3H, -C-N- 
C- and NH 2 . 

Especially preferred are diesters of dicarboxylic acids in which at least one of R 1 and R 2 is an alky I 
group having at least 2 carbon atoms. 

Examples of poly car boxy lie acid esters include aliphatic polycarboxylic acid esters such as diethyl 
succinate, dibutyl succinate, diethyl methylsuccinate, diisobutyl alpha-methylglutarate, dibutyl malonate, 
diethyl methylmalonate, diethyl ethylmalonate, diethyl isopropylmalonate, diethyl butyl malonate, diethyl 
phenylmalonate, diethyl diethylmalonate, diethyl allylmalonate, diethyl diisobutylmalonate, diethyl di-n- 
butylmalonate, dimethyl maleate, monooctyl maleate, dioctyl maleate, dibutyl maleate, dibutyl butylmaleate, 
diethyl butylmaleate, diisopropyl beta-methylglutarate, diallyl ethylsuccinate, di-2-ethylhexyl fumarate. 
diethyl itaconate, dibutyl itaconate, dioctyl citraconate and dimethyl citraconate; alicyclic polycarboxylic acid 
esters such as diethyl 1 ,2-cyciohexanecarboxylate, diisobutyl 1,2-cyclohexanecarboxylate, diethyl 
tetrahydrophthalate and Nadic acid, diethyl ster; aromatic polycarboxylic acid esters such as monoethyl 
phthalate, dimethyl phthalate, methylethyl phthalate, monoisobutyl phthalate, mono-n-butyl phthalate, diethyl 
phthalate, ethylisobutyl phthalate, ethyl-n-butyl phthalate, di-n-propyl phthalate, diisopropyl phthalate, di-n- 
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butyl phthalate, diisobutyl phthalate, di-n-heptyl phthlate, di-2-ethylhexyl phthalate, di-n-octyl phthalate, 
dineopentyl phthalate, di-decyl phthalate, benzylbutyl phthalate, diphenyl phthalate, diethyl naph- 
thalenedicarboxylat , dibutyl naphthlenedicarboxylate, triethyl trimelliatate and dibutyl trimellitate; and 
heterocyclic polycarboxylic acid esters such as 3,4-furanedicarboxylic acid esters. 
5 Specific examples of the polyhydroxy compound esters include 1 ,2-diacetoxy benzene, 1-methy 1-2,3- 
diacetoxybenzene, 2-methyl-2,3-diacetoxybenzene, 2,8-diacetoxynaphthalene, ethylene glycol dipivalate and 
butanediol pivalate. 

Specific examples of the hydroxy-substituted carboxylic acid esters are benzoylethyl salicylate, ac- 
etylisobutyl salicylate and acetylmethyl salicylate. 
w Long-chain dicarboxylic acid esters, such as diethyl adipate, diisobutyl adipate, diisopropyl sebacate, 
di-n-butyl sebacate, di-n-octyl sebacate and di-2-ethylhexyl sebacate, may also be used as the polycarbox- 
ylic acid esters that can be included in the titanium catalyst component. 

Among these polyfunctional esters, compounds having the skeletons given by the above general 
formulae are preferred. More preferred are esters formed between phthalic acid, maleic acid or substituted 
15 malonic acid and alcohols having at least 2 carbon atoms; Diesters formed between phthalic acid and 
alcohols having at least 2 carbon atoms are especially preferred. 

Another group of electron donors that can be included in the titanium catalyst component are 
monocarboxylic acid esters represented by RCOOR' where R and R' are each hydrocarboyl groups that 
may have a substituent, at least one of them being a branched (including alicyclic) or ring-containing 
20 aliphatic group. Specifically, at least one of R and R* may be (CHs^CH-, C2H 5 CH(CH 3 )-, (CHs^CHCrV, 
(CH 3 ) 3 C-, C2H5CH, (CH 3 )CH 2 -, 



O** 2 "' ^^O*" 2 "' w 5 "' O" and CH2 ^~' 

If either one of R and R' is any of the above-described groups, the other may be one of the above groups 
30 or another group such as a linear or cyclic group. 

Examples of the monocarboxylic acid esters include monoesters of dimethylacetic acid, trimethylacetic 
acid, alpha-methylbutyric acid, betamethylbutyric acid methacrylic acid and benzoylacetic acid;and mon- 
ocarboxylic acid esters formed with alcohols such as isopropanol, isobutanol and tert-butanol. 

Carbonic acid esters may also be used as the electron donor. Specific examples are diethyl carbonate, 
35 ethylene carbonate, diisopropyl carbonate, phenylethyl carbonate and diphenyl carbonate. 

In depositing the electron donor, the desired electron donor does not have to be used directly as a 
starting material, but compounds convertible to the electron donors in the course of preparing the titan urn 
catalyst components may also be used as the starting materials. 

Another electron donor may be present in the titanium catalyst component, but its amount should be 
40 limited to a small amount since too much will cause adverse effects. 

In the present invention, the solid titanium catalyst component (A) may be produced by contacting the 
magnesium compound (or metallic magnesium) and the titanium compound and, preferably, the electron 
donor by known methods used to prepare a highly active titanium catalyst component from a magnesium 
compound, a titanium compound and an electron donor. The above compounds may be contacted in the 
45 presence of another reaction agent such as silicon, phosphorus or aluminium. 

Several examples of the method of producing the solid titanium catalyst component (A) will be briefly 
described below: 

(1) The magnesium compound or the complex of the magnesium compound with the electron donor is 
reacted with the titanium compound in the liquid phase. This reaction may be carried out in the presence 

50 of a pulverizing agent. Compounds which are solid may be pulverized before the reaction. 

(2) The magnesium compound having no reducibility and the titanium compounds, both in liquid form, 
are reacted in the presence of the electron donor to precipitate a solid titanium complex. 

(3) The reaction product obtained in (2) is further reacted with the titanium compound. 

(4) The reaction product obtained in (1) or (2) is further reacted with the electron donor and the titanium 
55 compound. 

(5) The magnesium compound or a complex of the magnesium compound and the el ctron donor is 
pulverized in the presence of the titanium compound, and the resulting solid product is tr ated with a 
halogen, a halogen compound or an aromatic hydrocarbon. In this method, the magnesium compound or 
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a complex thereof with the electron donor may be pulverized, for xample in the presence of a 
pulverizing agent. Alternatively, the magnesium compound or the complex of the magnesium compound 
and th electron donor is pulverized in the presence of the titanium compound, preliminarily treated with 
a reaction aid and ther after, for example, treated with a halogen. The reaction aid may be an 
5 organoaluminium compound or a halogen-containing silicon compound. 

(6) The product obtained in (1) to (4) is treated with a halogen, a halogen compound or an aromatic 
hydrocarbon. 

(7) A product obtained by contacting a metal oxide, dihydrocarbyl magnesium and a halogen-containng 
alcohol is contacted with the electron donor and the titanium compound. 

io (8) A magnesium compound such as a magnesium salt of an organic acid, an alkoxy magnesium or an 
aryloxy magnesium is reacted with the electron donor, the titanium compound and/or a halogen- 
containing hydrocarbon. 

Among the methods (1) to (8), the method in which the liquid titanium halide is used at the time of 
catalyst preparation, and the method in which the halogenated hydrocarbon is used after, or during, the use 

75 of the titanium compound, are preferred. 

The amounts of the ingredients used in preparing the solid titanium catalyst component (A) may vary 
depending upon the method of preparation. For example, about 0.01 to 5 moles, preferably 0.05 to 2 moles, 
of the electron donor and about 0.01 to 500 moles, preferably about 0.05 to 300 moles, of the titanium 
compound are used per mole of the magnesium compound. 

20 The solid titanium catalyst component so obtained contains magnesium, titanium and halogen as 
essential ingredients. The electron donor is preferably present. 

In the solid titanium catalyst component (A), the atomic ratio of halogen:titanium is about 4:1- 200:1, 
preferably about 5:1- 100:1; the electron donorrtitanium mole ratio is about 0.1:1- 10:1, preferably about 
0.2:1- 6:1, and the magnesium:titanium atomic ratio is about 1:1- 100:1, preferably about 2:1- 50:1. 

25 The resulting solid titanium catalyst component (A) contains a magnesium halide of a smaller crystal 
size than commercial magnesium halides and usually has a specific surface area of at least about 50 m 2 /g, 
preferably about 60 to 1,000 m 2 /g, more preferably about 100 to 800 m 2 /g. Since, the above ingredients are 
unified to form an integral structure of the solid tianium catalyst component (A), the composition of the solid 
titanium catalyst component (A) does not substantially change by washing with hexane. 

30 The solid titanium catalyst component (A) may be used alone. If desired, it can be used after being 
diluted with an inorganic or organic compound such as a silicon compound, an aluminium compound or a 
polyolefin. When such a diluent is used, the catalyst component (A) show high catalytic acitivity even when 
it has a lower specific surface than that described above. 

Methods of preparing the highly active catalyst component, which can be used in this invention, are 

35 described in Japanese Patent Publications Nos. 108385/1975, 126590/1975, 20297/1976, 28189/1976, 
64586/1976, 92885/1976, 136625/1976, 87489/1977, 100596/1977, 147688/1977, 104593/1977, 2580/1978, 
40093/1978, 40094/1978, 43094/1978, 135102/1980, 135103/1980, 152710/1980, 11908/1981, 18606/1981, 
83006/1983, 138705/1977, 138706/1983, 138707/1983, 138708/1983, 138709/1983, 138710/1983. 
1 3871 5/1 983, 23404/1 985, 211 09/1 986, 37802/1 986 and 37803/1 986. 

40 Compounds having at least one aluminium-carbon bond in the molecule can, for example, be used as 
the organoaluminium compound as catalyst component (B). Examples are compounds of the following 
general formulae (i) and (ii): 

(i) Organoaluminium compounds of the general formula 

45 FC AI(OR 12 ) n HpXi 

wherein R n and R 12 , which may be identical or different, each represents a hydrocarbon group, 
usually having 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms; X 1 represents a halogen atom, 
0<m£3, 0£n<3, 0Sp<3, 0£q<3, and m + n + p + q = 3. 
so (ii) Complex alkylated compounds between aluminium and a metal of Group I represented by the general 
formula NPAIRj 1 wherein M 1 represents Li, Na or K, and R 11 is as defined above. 
Examples of the organoaluminium compounds of general formula (i) are: 

Compounds of the general formula FC 1 AI(OR 12 ) 3 - m wherein R n and R 12 are as defined abov and m is 
preferably a number such that 1.53m£3. 
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Compounds of the general formula 



s m j— m 

wherein R 11 is as defined above, X 1 is halogen, and m is preferably a number such that 0<m<3. 

Compounds of the general formula R^ 1 AIH 3 _ m wherein R 11 is as defined above, and m is preferably a 
number such that 2^ m< 3. 

70 Compounds represented by the general formula R^ 1 AI(OR 12 )„Xj wherein R 11 and R 12 are as defined 

above, X 1 is halogen, 0<mS3, 0£n<3, 0£3, and m + n + q=3 . 

Examples of the organoaluminium compounds belonging to (i) include trialkyl aluminiums such as 

triethyl aluminium and tributyl aluminium; trialkenyl aluminiums such as triisoprenyl aluminium; dialkyl 

aluminium alkoxides such as diethyl aluminium ethoxide and dibutyl aluminium butoxide; alkyl aluminium 
15 sesquialkoxides such as ethyl aluminium sesquiethoxide and butyl aluminium sesquibutoxide; partially 

alkoxylated alkyl aluminiums having an average composition represented by 

R^ 5 A1(OR 12 ) 0>5 ; 

20 

dialkyl aluminium halides such as diethyl aluminium chloride, dibutyl aluminium chloride and diethyl 
aluminium bromide; alkyl aluminium sesquihalides such as ethyl aluminium sesquichloride, butyl aluminium 
sesquichloride and ethyl aluminium sesquibromide; partially halogenated alkyl aluminiums, for example 
alkyl aluminium dthalides such as ethyl aluminium dichioride, propyl aluminium dichloride and butyl 
25 aluminium dibromide; dialkyl aluminium hydrides such as diethyl aluminium hydride and dibutyl aluminium 
hydride; other partially hydrogenated alkyl aluminium, for example alkyl aluminium dihyrides such as ethyl 
aluminium dihydride and propyl aluminium dihydride; and partially alkoxylated and halogenated alkyl 
aluminiums such as ethyl aluminium ethoxychloride, butyl aluminium butoxychloride and ethyl aluminium 
ethoxybromide. 

30 Organoaluminium compounds similar to (i) in which two or more aluminium atoms are bonded via an 
oxygen or nitrogen atom can also be used. Examples are (C2H5)2AIOAI(C2H5)2, ^Hg^AIOAKC^Ha^, 

( C 2 H 5 ) 2 A1NA1 ( C 2 H 5 ) 2 

35 C 2 H 5 



and methylaluminoxane. 

Examples of the compounds (ii) are LiAI(G2Hs)t and LiAI(C7His)4. 
40 Among these, the trialkyl aluminiums and the alkyl aluminiums resulting from bonding of two or more of 
the above aluminium compounds are preferred. 

Catalyst component (C) is an organosilicon compound of the general formula (II) as defined above. 
In formula (II), 0£m<3. preferably 0£m£2, especially preferably m = 2. 
Specific examples of the group R 21 include 
45 cyclopentyl, 

2- methylcyclopentyl, 

3- methylcyclopentyl, 

2- ethylcyclopentyl, 

3- propylcyclopentyl, 
so 3-isopropylcyclopentyl, 

3-butylcyclopentyl, 
3-tertrary butyl cyclopentyl, 

2.2- dimethylcyclopentyI, 

2.3- dimethylcyclopentyl, 
55 2,5-dimethylcyclopentyl, 

2,2,5-trimethylcyclopentyl, 

2,3,4,5-tetramethylcyclopentyl, 

2,2,5,5-tetramethylcyclopentyl, 



9 



EP0 350 170 B1 



1- cyclopentylpropyl, 

1 -methyl-1 -cyclopenty lethyl, 
cyclopentenyl, 

2- cyclopent nyl, 
5 3-cyclopentenyl, 

2-methyl-1 -cyclopentenyl, 

2- methyl-3-cyclopentenyl, 

3- methyl-3-cyclopentenyl, 
2-ethyl-3-cyclopentenyl, 

w 2,2-dimethyl-3-cyclopentenyl, 
2,5-dimethyl-3-cyclopentenyl, 
2,3,4,5-tetramethyl-3-cyclopentenyl„ 
2,2,5,5-tetramethyl-3-cyclopentenyl, 

1.3- cyclopentadienyl, 
15 2,4-cyclopentadienyl, 

1 .4- cyclopentadienyl, 
2-methyl-1 ,3-cyclopentadienyl, 

2- methyl-2,4-cyclopentadienyl, 

3- methyl-2,4-cyclopentadienyl, 
20 2-ethyl-2,4-cyclopentadienyl, 

2.2- dimethyl-2,4-cyclopentadienyl, 

2.3- dimethyl-2,4-cyclopentadienyl, 

2.5- dimehyl-2,4-cyclopentadienyl, 
2,3,4,5-tetramethyl-2,4-cyclopentadienyl, 

25 indenyl, 

2-methyIindenyl, 

2-ethyIindenyl, 

2-indenyl, 

1- methyl-2-indenyl, 

30 1,3-dimethyl-2-indenyl, 
indanyl, 

2- methylindanyl, 
2-indanyi, 

1 ,3-dimethyl-2-indanyl, 
35 4,5,6,7-tetrahydroindenyl, 
4,5,6,7-tetrahydro-2-indenyl, 
4,5 t 6,7-tetrahydro-1-methyl-2-indenyl, 
4,5,6,7-tetrahydro-l ,3-dimethyl-2-indenyl, and 
fluorenyl groups. 

40 In formula (II), R 22 and R 23 are identical or different and each represents a hydrocarbon group. 
Examples of R 22 and R 23 are alky I, cycloalkyl, aryl and aralkyl groups. 

Furthermore, R 21 and R 22 may be bridged, for example by an alkyl group. 

Especially preferred organosilicon compounds are those of formula (II) in which R 21 is a cyclopentyl 
group, R 22 is an alkyl group or a cyclopentyl group, and R 23 is an alkyl group, particularly a methyl or ethyl 
45 group. 

Specific examples of the organosilicon compounds of formula (II) include 

trialkoxysilanes such as cyclopenty Itrimethoxysi lane, 2-methylcyclopentyltrimethoxysilane, 2,3-dimethyl- 
cyclopentyltrimethoxysilane, 2,5-dimethylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane, cyclopen- 
tenyltrimethoxysilane, 3-cyclopentenyltrimethoxysilane, 2 ,4-cyclopentadieny Itrimethoxysi lane, indenyl- 

so trimethoxysilane and fluoreny Itrimethoxysi lane; 

dialkoxysilanes such as dicyclopentyldimethoxysilane, bis(2-methylcyclopentyl)dimethoxysilane, bis(3- 
tertiary butylcyclopentyl)dimethoxysilane, bis(2,3-dimethylcyclopentyl)dimethoxysilane, bis(2,5-dimethyl- 
cyclopentyl)dimethoxysilane, dicyclopentyldiethoxysilane, dicyclopentenyldimethoxysilane, di(3-cyclopen- 
tenyl)-dimethoxysilane, bis(2,5-dimethyl-3-cyclopentenyl)-dimethoxysilane, di-2,4-cyclopentadieny!dimethox- 

55 ysilane, bis(2,5-dimethyl-2,4-cyclopentadienyl)dimethoxysilane, bis(1 -methyl-1 -cyclopenty iethyl)- 
dimethoxysilane, cyclopentylcyclopentenyldimethoxysilane, cyclopentylcyclopentadienyldimethoxysilane, 
diindenyldimethoxysilane, bis(1 ,3-dimethyl-2-indenyl)dimethoxysilane, cyclopentadi nylindenyldimethox- 
ysilane, difluorenyldimethoxysilane, cyclopenty Ifluorenyldimethoxysi lane and indenylfluorenyldimethox- 
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ysilane; 

monoalkoxysilanes such as tricyclopentylmethoxysilane, tricyclopentenylmethoxysilane, tricyclopen- 
tadienylmethoxysilane, tricyclopentylethoxysilane, dicyclopentylmethylmethoxysilane, dicyclopentylethyl- 
methoxysilane, dicyclopentylmethylethoxysilane, cyclopentyldimethylmethoxysilane, cyclopentyldiethyl- 
5 methoxysilane, cyclopentyldimethylethoxysilane, bis(2,5-dimethylcyclopentyl)cyclopentylmethoxysilane, 
dicyclopentylcyclopentenylmethoxysilane, dicyclopentylcyclopentadienylmethoxysilane and diindenyl- 
cyclopentylmethoxysilane; and 

ethylenebis-cyclopentyldimethoxysilane. 

In the polymerization process of this invention, the polymerization (main polymerization) is carried out in 
10 the presence of the catalyst defined above. Preferably, preliminary polymerization as described below is 
carried out before the main polymerization. 

In the preliminary polymerization, the solid titanium catalyst component (A) is usually employed in 
combination with at least a portion of the organoaluminium compound (B). This may be carried out in the 
presence of part or the whole of the organosilicon compound (C). 
rs . The concentration of the catalyst used in the preliminary polymerization may be much higher than that 
in the reaction system of the main polymerization. 

Desirably, the concentration of the solid titanium catalyst component (A) in the preliminary polymeriza- 
tion is usually about 0.01 to 200 millimoles, preferably about 0.05 to 100 millimoles, calculated as titanium 
atoms per liter of an inert hydrocarbon medium hereinafter described. 
20 Preferably, the preliminary polymerization is carried out by adding an olefin and the above catalyst 
ingredients to an inert hydrocarbon medium and reacting the olefin under mild conditions. 

Examples of the inert hydrocarbon medium used at this time are aliphatic hydrocarbons such as 
propane, butane, pentane, hexane, heptane, octane, decane, dodecane and kerosene; alicyclic hydrocar- 
bons such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons such as ben- 
25 zene, toluene and xylene; halogenated hydrocarbons such as ethylene chloride and chlorobenzene; and 
mixtures of these. The aliphatic hydrocarbons are preferred. 

In the present invention, a liquid olefin may be used in place of part or the whole of the inert 
hydrocarbon medium. 

The olefin used in the preliminary polymerization may be the same as, or different from, the olefin used 
30 in the main polymerization. 

The reaction temperature for the preliminary polymerization may be one at which the resulting 
. preliminary polymer does not substantially dissolve in the inert hydrocarbon medium. Desirably, it is usually 
about -20 to +100 *C, preferably about -20 to +80 °C, more preferably 0 to +40 °C. 

A molecular-weight controlling agent such as hydrogen may be used in the preliminary polymerization. 
35 Desirably, the molecular weight controllilng agent is used in such an amount that the polymer obtained by 
the preliminary polymerization has an intrinsic viscosity M, measured in decalin at 135 *C, of at least about 
0.2 dl/g, preferably about 0.5 to 10 dl/g. 

The preliminary polymerization is desirably carried out so that about 0.1 to 1,000 g, preferably about 
0.3 to 500 g, of a polymer forms per gram of the titanium catalyst component (A). If the amount of the 
40 polymer formed by the preliminary polymerization is too large, the efficiency of producing the olefin 
polymer in the main polymerization may sometimes decrease, and when the resulting olefin polymer is 
molded into a film or another article, fish eyes tend to occur in the molded article. 
The preliminary polymerization may be carried out batchwise or continuously. 

After the prelimianry polymerization conducted as above or without performing any preliminary 
45 polymerization, the main polymerization of an olefin is carried out in the presence of the above-described 
olefin polymerization catalyst formed from the solid titanium catalyst component (A), the organoaluminium 
compound (B) and the organosilicon compound (C). 

Examples of olefins that can be used in the main polymerization are alpha-olefins having 2 to 20 carbon 
atoms such as ethylene, propylene, 1-butene, 4-methyl-1-pentene, 1-octene, 1-hexene, 3-methyl-1 -pentene, 
so 3-methyl-1-butene, 1-decene, 1-tetradecene and 1-eicocene. 

In the process of this invention, these alpha-olefins may be used singly or in combination. 
In one embodiment of this invention, propylene or 1-butene is homopolymerized, or a mixed olefin 
containing propylene or 1-butene as a main component is copolymerized. When the mixed olefin is used, 
the proportion of propylene or 1-butene as the main component is usually at least 50 mole %, preferably at 
55 least 70 mole %. 

When the catalyst subjected to the above preliminary polymerization is used in this embodiment, a 
polymer having excellent powder characteristics can be prepared from alpha-olefins having 2 to 10 carbon 
atoms, preferably 3 to 10 carbon atoms. 
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By performing the preliminary polymerization, the degree of activity of the catalyst in the main 
polymerization can be adjusted. This adjustment tends to result in a powdery polymer having a high bulk 
density. Furthermore, when the preliminary polymerization is carried out, the particle shape of the resulting 
polymer becomes spherical, and in the case of slurry polymerization, the slurry attains excellent char- 
5 acteristics. 

Furthermore, in this embodiment, a polymer having a high stereoregularity index can be produced with 
a high catalytic efficiency by polymerizing an alpha-olefin having at least 3 carbon atoms. 

In the copolymerization of these olefins, a polyunsaturated compound such as a conjugated diene or a 
non-conjugated diene may be used as a comonomer. 
w In the process of this invention, the main polymerization of an olefin is usually carried out in the 
gaseous or liquid phase. 

When the main polymerization is carried out in a slurry reaction mode, the aforesaid inert hydrocarbon 
may be used as a reaction solvent. Alternatively, an olefin which is liquid at the reaction temperature may 
be used as the reaction solvent. 

15 In the polymerization process of this invention, the titanium catalyst component (A) is generally used in 
an amount of about 0.001 to 0.5 millimole, preferably about 0.005 to 0.5 millimole calculated as Ti atoms 
per liter of the volume of the polymerization zone. The organoaluminium compound (B) is generally used in 
an amount of about 1 to 2,000 moles, preferably about 5 to 500 moles, per mole of titanium atoms in the 
titanium catalyst component (A) in the polymerization system. Furthermore, the amount of the organosilicon 

20 compound (C) is usually about 0.001 to 10 moles, preferably about 0.01 to 2 moles, especially preferably 
about 0.01 to 2 moles, more preferably about 0.05 to 1 moles, calculated as Si atoms in the organosilicon 
compound (C) per mol of the metal atoms in the organoaluminium compound (B). 

The catalyst components (A), (B) and (C) may be contacted at the time of the main polymerization or 
during the preliminary polymerization before the main polymerization. In the contacting before the main 

25 polymerization, any desired two components may be selected and contacted with each other. Alternatively, 
only portions of two or three components may be contacted with each other. 

In the process of this invention, the catalyst ingredients may be contacted before polymerization in an 
inert gas atmosphere, or in an olefin atmosphere. 

When the organoaluminium compound (B) and the organosilicon compound (C) are used partially in the 

30 preliminary polymerization, the catalyst subjected to the preliminary polymerization is used together with 
the remainder of the catalyst components. The catalyst subjected to the preliminary polymerization may 
contain the preliminary polymerization product. 

The use of hydrogen at the time of polymerization makes it possible to control the molecular weight of 
the resulting polymer, and the polymer obtained has a high melt flow rate. In this case, too, the 

35 stereoregularity index of the resulting polymer and the activity of the catalyst are not decreased in the 
process of this invention. 

The polymerization temperature in this invention is usually about 20 to 200 *C, preferably about 50 to 
180 *C, and the polymerization pressure is usually atmospheric pressure to 100 kg/cm 2 , preferably about 2 
to 50 kg/cm 2 . The main polymerization may be carried out batchwise, semi-continuously or continuously. 
40 The polymerization may also be carried out in two or more stages under different reaction conditions. 

The olefin polymer so obtained may be a homopolymer, a random copolymer or a block copolymer. 

Since the yield of the stereoregular polymer obtained per unit amount of the solid titanium catalyst 
component in this invention is high, the amount of the catalyst residue in the polymer, particularly its 
halogen content, can be relatively decreased. Accordingly, an operation of removing the catalyst from the 
45 resulting polymer can be omitted, and corrosion of a mold can be effectively prevented in molding the 
olefin polymer into articles. 

Furthermore, the olefin polymer obtained by using the catalyst of this invention has a very small amount 
of an amorphous polymer component and therefore a small amount of a hydrocarbon-soluble component. 
Accordingly, a film molded from this polymer has low surface tackiness, 
so The polyolefin obtained by the process of this invention has excellent particle size distribution, particle 
diameter and bulk density, and the copolyolefin obtained has a narrow composition distribution. 

In another preferred embodiment of this invention, propylene and an alpha-olefin having 2 or 4 - 20 
carbon atoms are copolymerized in the presence of the catalyst described above. The catalyst may be one 
subjected to the preliminary polymerization described above. 
55 By performing the prelimianry polymerization, the degree of activity of the catalyst in the main 
polymerization can be adjusted. This adjustment tends to result in a powdery polymer having a high bulk 
density. Furthermor , when the preliminary polymerization is carried out, the particle shape of the resulting 
polymer becomes spherical, and in the case of slurry polymerization, the slurry attains excellent char- 
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acteristics. Accordingly, according to this embodiment of producing the propylene copolym r, the resulting 
copolymer powder or the copolym r slurry becomes easy to handle. 

The alpha-olefin having 2 carbon atoms is ethylene, and examples of the alpha-olefins having 4 to 20 
carbon atoms are 1-butene, 1-pentene, 4-methyl-1-pentene, 1-octen, 1-hexene, 3-methyl-1-pentene, 3- 
5 methyl-1-butene. 1-decene and 1-tetradecene. 

In the main polymerization, propylene may be copolymerized with two or more such alpha-olefins. For 
example, it is possible to copolymerize propylene with ethylene and 1-butene, It is preferably in this 
invention to copolymerize propylene and ethylene, or propylene and 1-butene, or propylene, ethylene and 
1 -butene. 

70 Block copolymerization of propylene and another alpha-olefin may be carried out in two stages. The 
polymerization in a first stage may be the homopolymerization of propylene or the copolymerization of 
propylene with the other alpha-olefin. Preferably, it is the copolymerization of propylene and ethylene, or 
propylene, ethylene and 1-butene. The amount of the monomers polymerized in the first stage is desirably 
about 50 to about 95 % by weight, preferably about 60 to about 90 % by weight, based on the final 

15 product. In the present invention, this first stage polymerization may, as required, be carried out in two or 
more stages under the same or different polymerization conditions. 

The polymerization in a second stage is desirably carried out such that the mole ratio of propylene to 
the other alpha-olefin is from 10:1 to 90:10, preferably from 20:80 to 80:20, especially preferably from 30:70 
to 70:30. A step of producing a crystalline polymer or copolymer of another alpha-olefin may be provided in 

20 the second polymerization stage. 

The propylene copolymer so obtained may be a random copolymer or the above-described block 
copolymer. This propylene copolymer preferably contains 7 to 50 mole % of units derived from the alpha- 
olefin having 2 or 4-20 carbon atoms. In particular, the propylene random copolymer contains 7 to 20 mole 
%, preferably 7 to 18 mole %, more preferably 8 to 15 mole %, of units derived from the other-olefin 

25 having 2 or 4-20 carbon atoms. Desirably, the propylene block copolymer contains 10 to 50 mole %, 20 to 
50 mole %, more preferably 25 to 45 mole %, of units derived from the alpha-olefin having 2 or 4-20 
carbon atoms. 

The resulting propylene copolymer usually has a tensile strength of not more than 8,000 kg/cm 2 , 
preferably 6,000 kg/cm 2 . 

. 30 ~ The melting point of the propylene random copolymer, measured by a differential scanning calorimeter 
(abbreviated as the DSC melting point) is 90 to 130 °C, preferably 95 to 125 'C, especially preferably 100 
to 120 'C. In the melting point measurement, a differential scanning calorimeter (DSC-7 made by Perkin 
Elmer Co.) is used, and a press sheet having a thickness of 0.1 mm left to stand for 20 hours after molding 
is heated once to 200 *C, and cooled to 25 *C at a rate of 10 *C/min, and subjected to calorimetry from 

35 25 to 200 'C at a temperatrure elevating rate of 10 *C/min. The temperature Tm at which a maximum 
endothermic peak is obtained is the DSC melting point. 

The propylene block copolymer contains 20 to 70 % by weight, preferably 30 to 60 % by weight, 
especially preferably 40 to 60 % by weight, of a portion soluble in n-decane solvent at 23 • C. 

The amount of this soluble portion is measured by the following method. A 1 -liter flask equipped with 

40 an agitating vane is filled with 3 g of a copolymer sample, 20 mg of 2,6-di-tert-butyl-4-methylphenol and 
500 ml of decane and the copolymer is dissolved over an oil bath at 145 *C. The solution is then allowed 
to cool spontaneously for about 8 hours at room temperature. Then, it is allowed to stand for 20 hours over 
an oil bath at 23 °C. The precipitated copolymer is separated by filtration from the n-decane solution 
containing the dissolved copolymer by a glass filter (G-4). The resulting soution is dried at 150 *C under 10 

45 mmHg to a constant weight, and its weight is measured. The amount of the soluble portion of the 
copolymer in the solution is divided by the weight of the copolymer sample and expressed as a percentage. 

It should be understood that where there is no reference to the polyunsaturated compound that can be 
used, the method of polymerization, the amount of the catalyst and the polymerization conditons, the same 
descrption as the above embodiments shall be applicable. 

so According to his invention, a polypropylene copolymer such as a polypropylene random copolymer 
having a low melting point can be obtained in a large amount and in a high yield. In addition, the amount of 
the by-product hydrocarbon-soluble copolymer can be reduced. The polymerization can be carried out 
without any trouble even in suspension. Since the amount of the copolymer yielded per unit amount of 
titanium is large, removing the catalyst after the polymerization can be omitted. 

55 The propylene random copolymer obtained by this invention has excellent heat sealability, heat seal 
imparting property, transparency and antiblocking property and contains a small amount of a portion soluble 
in a hydrocarbon. Accordingly, it is suitable in the field of films, particularly packaging film (shrinkable 
films) such as food packaging films. 
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The present invention can produce a propylene block copolymer having excellent melt-flowability, 
moldability, rigidity, impact strength and impact strength with a high catalytic fficiency and good 
operabiiity. 

The following Examples further illustrate th present invention. 

5 

EXAMPLE 1 

Preparation of a solid titanium catalyst component (A) 

io Anhydrous magnesium chloride (7.14 g; 75 millimoles), 37.5 ml of decane and 35.1 ml (225 millimoles) 
of 2-ethylhexyl alcohol were heated at 130 °C for 2 hours to form a uniform solution. Phthalic anhydride 
(1.67 g; 11.3 millimoles) was added to the solution, and they were mixed with stirring at 130 °C for 1 hour 
to dissolve the phthalic anhydride in the uniform solution. 

The uniform solution so obtained was cooled to room temperature, and added dropwise to 200 ml (1.8 
75 moles) of titanium tetrachloride kept at -20 0 C over the course of 1 hour. After the addition, the temperature 
of the solution was raised to 110 °C over 4 hours, and when it reached 110 *C, 5.03 ml (L8.8 millimoles) of 
diisobutyl phthalate was added. 

The mixture was stirred further for 2 hours at the above temperature. After the end of the 2-hour 
reaction, the solid portion was collected by hot filtration, and 275 ml of the solid portion was resuspended in 
20 TiCU and reacted at 1 10 • C for 2 hours. 

After the reaction, the solid portion was again collected by hot filtration, and washed with decane at 110 
• C and hexane at room temperature until no titanium compound was detected in the washings. 

A solid titanium catalyst component (A) was obtained as a hexane slurry. Part of the catalyst was taken 
and dried. Analysis of the dried product showed it to contain 2.5 % by weight of titanium, 58 % by weight 
25 of chlorine, 18 % by weight of magnesium and 13.8 % by weight of diisobutyl phthalate. 

Preliminary polymerization 

Purified hexane (200 ml) was put in a 500 ml nitrogen-purged glass reactor, and 20 millimoles of triethyl 
30 aluminium, 4 millimoles of dicyclopentyldimethoxysilane and 2 millimoles, as Ti, of the titanium catalyst 
component (A) were added. Propylene was fed into the flask at a rate of 5.9 Nl/hour for 1 hour to 
polymerize 2.8 g of propylene per gram of the Ti catalyst component (A). 

After the preliminary polymerization, the liquid portion was removed by filtration, and the separated 
solid portion was again dispersed in decane. 

35 

Main polymerization 

A 2-liter autoclave was charged wih 500 g of propylene, and at 60 *C, 0.6 millimole of 
triethylaluminium, 0.06 millimole of dicyclopentyldimethoxysilane and 0.006 millimole, calculated as titanium 
40 atoms, of the solid titanium catalyst component (A) subjected to the preliminary polymerization. Hydrogen 
(1 liter) was further added, and the temperature was elevated to 70 • C. Propylene was thus polymerized for 
40 minutes. 

The polymer formed was dried, and weighed. The total amount of the polymer yielded was 279 g. 
The polymer had a boiling n-heptane extraction residue of 99.2 % and an MFR of 6.3 g/10 min. Hence, 
45 the polymerization activity at this time was 46,500 g-PP/millimole of Ti. 

The polymerization of the catalyst used, and the boiling n-heptane extraction residue, MFR and 
apparent density of the resuling polypropyene are shown in Table 1 . 

EXAMPLE 2 

50 

Example 1 was repeated except that in the preliminary polymerization, the amount of triethyl aluminium 
was changed to 6 millimoles and dicyclopentyldimethoxysilane was not added. 

The polymerization activity of the catalyst used and the boiling n-heptane extraction residu , MFR and 
apparent density of polypropylene obtained are shown in Table 1. 

55 
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EXAMPLE 3 

Preparation of a solid titanium catalyst component (A) 

5 The inside of a high-speed stiring device (made by Tokushu Kika Kogyo K. K.) having an inner capacity 
of 2 liters was thoroughly purged with nitrogen, and charged with 700 ml of purified kerosene, 10 g of 
commercial MgCfe, 24.2 g of ethanol and 3 g of sorbitan distearate (Emasol 320, a tradename for a product 
of Kao-Atlas Co., Ltd.). The system was heated with stirring, and stirred at 120 °C and 800 rpm for 30 
minutes. 

70 Separately, a 2-liter glass flask equipped with a stirrer was charged with 1 liter of purified kerosene, and 
cooled to -20 * C. 

The purified kerosene containing MgCfe was transferred to 1 liter of the purifed kerosene cooled to -10 
•C using a 5 mm Teflon tube. 

The resulting solid was collected by filtration and thoroughly washed with hexane to produce a carrier, 
js The resulting carrier (7.5 g) was suspended in 150 ml of titanium tetrachloride, and 1.3 ml of diisobutyl 
phthalate was added. The temperature was elevated to 120 *C. The mixture was stirred at 120 *C for 2 
hours, and the solid portion was collected by filtration, it was again suspended in 150 ml of titanium 
tetrachloride and stirred at 130 *C for 2 hours. 

The solid reaction product was collected by filtration, and washed with a sufficient amount of purified 
20 hexane to give a solid titanium catalyst component (A). 

The solid titanium catalyst component (A) was found to contain 2.2 % by weight of titanium, 63 % by 
weight of chlorine, 20 % by weight of magnesium and 5.0 % by weight of diisobutyl phthalate. 

Preliminary polymerization 

25 

A 400 ml nitrogen-purged glass reactor was charged with 200 ml of purified hexane, and 20 millimoles 
of triethyl aluminium, 4 millimoles of dicyclopentyldimethoxysilane and 2 millimoles, calculated as titanium 
atoms, of the solid titanium catalyst component (A) were put in the flask. Then, propylene was fed at a rate 
of 5.9 Nl/hour for 1 hour to polymerized 2.8 g of propylene per gram of the solid titanium catalyst 
30 component (A). 

After the preliminary polymerization, the liquid portion was removed by filtration, and the solid portion 
collected by filtration was again dispersed in decane. 

Main polymerization 

35 

Propylene was polymerized as in Example 1 except that the solid titanium catalyst component (A) 
subjected to the preliminary polymerization was used instead of the one used in Example 1 . 

The polymerization activity of the catalyst used and the boiling n-heptane extraction residue, MFR and 
apparent density of the resulting polypropylene are shown in Table 1 . 

40 

EXAMPLE 4 

Example 3 was repeated except that bis(2-methylcyclopentyl)dimethoxysilane was used instead of 
dicyclopentyldimethoxysilane. 
45 The polymerization activity of the catalyst used and the boiling n-heptane extraction residue, MFR and 
apparent density of the resulting polypropylene are shown in Table 1 . 

EXAMPLE 5 

so Example 1 was repeated except that di-2,4-cyclopentadienyldimethoxysilane was used instead of 
dicyclopentyldimethoxysilane. 

The polymerization activity of the catalyst used and the boiling n-heptane extraction residue, MFR and 
apparent density of the resulting polypropylene are shown in Table 1 . 

55 
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Table 1 



Example 


Polymerization activity 


M (%) 


MFR 


Apparent density 


1 


46,500 


99.2 


6.3 


0.46 


2 


45,100 


98.9 


6.0 


0.46 


3 


45,800 


98.9 


6.0 


0.46 


4 


33,300 


94.3 


5.7 


0.45 


5 


42,600 


95.2 


6.2 


0.43 



EXAMPLE 6 

Main polymerization 

A 2-liter autoclave was charged with 500 g of propylene, and at 60 # C, 0.6 millimole of triethyl 
aluminium, 0.06 millimole of dicyclopentyldimethoxysilane and 0.006 millimole, calculated as titanium 
atoms, of the catalyst component (A) subjected to the preliminary polymerization in Example 3 were added. 
Hydrogen (1 liter) was introduced into the flask, and the temperaure was elevated to 70 * C. Propylene as 
thus polymerized for 40 minutes. The total amount of the polymer dried was 345 g. The polymer had a 
boiling n-heptane extraction residue of 98.7 %, an MFR of 1.0 g/10 min., and an apparent density of 0.47 
g/ml. 

Accordingly, the polymerization activity at this time was 57,500 g-PP/millimole-Ti. 
EXAMPLE 7 

Example 6 was repeated except that di-2,4-cyclopentadienyldimethoxysilane was used instead of 
dicyclopentyldimethoxysilane. 

The polymerization activity of the catalyst and the boiling n-heptane extraction residue, MFR and 
apparent density of the resulting polypropylene are shown in Table 2. 

Table 2 



Example 


Polymerization activity 


II (%) 


MFR 


Apparent density 


6 


57,500 


98.7 


1.0 


0.47 


7 


53,700 


98.9 


1.2 


0.46 



40 

EXAMPLE 8 

Main polymerization 

45 Sodium chloride (special grade made by Wako Pure Chemicals, Co., Ltd.) was introduced into a 2-liter 
thoroughly nitrogen-purged stainless steel autoclave, and dried under reduced pressure at 90 • C for 1 hour. 
The reaction system was then cooled to 65 *C, and a mixture of 1 millimole of triethyl aluminium, 0.1 
millimole of dicyclopentyldimethoxysilane and 0.01 millimole, calculated as titanium atoms, of the solid 
titanium catalyst component (A) subjected to the preliminary polymerization was added. Hydrogen (150 

so Nml) was then introduced, and feeding of a gaseous mixture of propylene and ethylene (in a mole ratio of 
93.1/6.9) was started. The total pressure was maintained at 5 kg/cm 2 -G, and the monomers were 
polymerized at 70 * C for 1 hour. After the polymerization, sodium chloride was removed by washing with 
water, and the remaining polymer was washed with methanol and dried overnight at 80 ■ C 

The polymerization activity of the catalyst used and the MFR, ethylene content, DSC melting point and 

55 n-decane-siooluble content of the resulting polymer in Table 3. 



16 



EP 0 350 170 B1 

EXAMPLE 9 

Example 8 was repeated except that bis(2-methylcyclopentyl)dim thoxysilane was used instead of 
dicyclopentyldimethoxysilane. 
5 The polymerization activity of the catalyst used and the MFR, ethylene content, DSC melting point and 
n-decane-soluble content of the resuting polymer are shown in Table 3. 

Table 3 



Example 


Polymerization activity 


MFR 


Ethylene content 


Tm 


Decane-soluble content 


8 


8,500 


1.3 


6.1 


133.0 


4.9 


9 


7,200 


1.4 


6.2 


133.2 


6.2 



EXAMPLE 10 

Example 8 was repeated except that a gaseous mixture composed of propylene, ethylene and 1-butene 
(74.8/8.8/7.8 by mole) was used instead of the gaseous mixture used in Example 8. 

The catalyst used had a polymerization activity of 7400 g-PP/millimoie-Ti. The resulting polymer had an 
MFR of 3.3 g/10 min. an apparent density of 0.34 g/ml, an ethylene content of 5.3 mole %, a butene 
content of 6.2 mole %, a tensile strength of 2300 kg/cm 2 , a DSC melting point of 103 *C and an n-decane- 
soluble content of 42 % by weight. 

EXAMPLE 11 

* Example 10 was repeated except that a gaseous mixture composed of propylene, ethylene and butene- 
1 (88.5/5.3/6.2 by mole) was used instead of the gseous monomeric mixture used in Example 10. 

~ The catalyst used had a polymerization acivity of 6400 g-PP/millimole-Ti. The resulting polymer had an 
MFR of 2.5 g/10 min, an apparent bulk density of 0.38 g/ml, an ethylene content of 2.8 mole %, a butene 
content of 6.4 mole %, a tensile strength of 4600 kg/cm 2 , a DSC melting point of 121.1 °C and an n- 
decane-soluble content of 8.2 % by weight. 

EXAMPLE 12 

A 17-liter polymerization reactor was charged at room temperature with 2.5 kg of propylene and 9N 
liters of hydrogen, and then the temperature was elevated. At 50 *C, 15 millimoles of triethyl aluminium, 1.5 
millimoles of dicyclopentyldimethoxysilane and 0.05 millimoles, calculated as titanium atoms, of the catalyst 
component (A) subjected to the preliminary polymerization in Example 3 were added. The temperature of 
the inside of the reactor was maintained at 70 • C. Ten minutes after the temperature reached 70 • C, the 
vent valve was opened to purge propylene until the inside of the reactor was mainained at atmospheric 
pressure. After purging, the copolymerization was carried out. Specifically, ethylene, propylene and 
hydrogen were fed into the polymerization reactor at a rate of 380 Nl/hour, 720 Nl/hour, and 12 Nl/hour, 
respectively. The extent of opening the vent of the reactor was adjusted so that the pressure of the inside of 
the reactor reached 10 kg/cm 2 -G. During the copolymerization, the temperature was maintained at 70 *C. 
After 85 minutes, the pressure was released. There was obtained 2.8 kg of a polymer. The polymer had an 
MFR at 230 °C under a load of 2 kg of 1.8 g/10 min, an ethylene content of 29 mole %, an apparent bulk 
density of 0.43/cm 3 , a tensile strength of 3600 kg/cm 2 , and an n-decan-soluble content at 23 ' C of 41 % by 
weight. The soluble component of the copolymer had an ethylene content of 43 mole %. 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. A polymerization process which comprises polymerizing or copolymerizing olefins in the presence of 
an olefin polymerization catalyst formed from 

(A) a solid titanium catalyst component containing magnesium, titanium and halogen as essential 
ingredients, 

(B) an organoaluminium compound, and 
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(C) an organosilicon compound represented by th following formula (II) 
SiR 2 'R* 2 (OR 23 ) 3 - m 

5 wherein R 21 represents a cyclopentyl group; a cyclopentenyl group; a cyclopentadienyl group; a 

cyclopentyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms, an alkyl group 
having 2 to 4 carbon atoms substituted by a cyclopentyl group which may be substituted by 1 to 4 
alkyl groups having 1 to 4 carbon atoms; a cyclopentenyl group substituted by 1 to 4 alkyl groups 
having 1 to 4 carbon atoms; a cyclopentadienyl group substituted by 1 to 4 alkyl groups having 1 to 
10 4 carbon atoms; or an indenyl, indanyl, tetrahydroindenyl or fluorenyl group which may be 

substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms; 

R 22 and R 23 , which may be identical or different, each represents a hydrocarbon group; and 
0^m<3 

75 2. The process of claim 1 in which the solid titanium catalyst component further includes an electron 
donor. 

3. The process of claim 1 or 2 in which the solid titanium catalyst component (A) is obtained from a 
titanium compound of the following formula 

20 

TKORVQ-g 

wherein R represents a hydrocarbon group, X represents a halogen atom and g is a number from 0 
to 4. 

25 

4. The process of any one of the preceding claims in which the organoaluminium compound (B) is an 
organoaluminium compound having at least one aluminium-carbon bond in the molecule. 

5. The process of any one of the preceding claims wherein the olefins to be polymerized or copolymeriz- 
30 ed are alpha-olefins having 2 to 20 carbon atoms. 

6. The process of any one of the preceding claims in which the olefins to be polymerized or copolymeriz- 
ed are propylene, 1-butene or a monomeric mixture of alpha-olefins containing more than 50% by 
weight of propylene and/or 1-butene. 

35 

7. The process of any one of the preceding claims in which the olefins to be copolymerized are a mixture 
of propylene with 7 to 50 mole % of an alpha-olefin having 2 or 4-20 carbon atoms. 

8. An olefin polymerization catalyst formed from 

40 (A) a solid titanium catalyst component containing magnesium, titanium and halogen as essential 

ingredients, 

(B) an organoaluminium compound, and 

(C) an organosilicon compound represented by the following formula (II) 

45 SiR 21 R 22 (OR 23 ) 3 - m 

wherein R 21 represents a cyclopentyl group; a cyclopentenyl group; a cyclopentadienyl group; a 
cyclopentyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms, an alkyl group 
having 2 to 4 carbon atoms substituted by a cyclopentyl group which may be substituted by 1 to 4 
so alkyl groups having 1 to 4 carbon atoms; a cyclopentenyl group substituted by 1 to 4 alkyl groups 

having 1 to 4 carbon atoms; a cyclopentadienyl group substituted by 1 to 4 alkyl groups having 1 to 
4 carbon atoms; or an indenyl, indanyl, tetrahydroindenyl or fluorenyl group which may be 
substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms; 

R 22 and R 23 , which may be identical or different, each represents a hydrocarbon group; and 
55 0£m<3 

9. The catalyst of claim 8 in which the solid titanium catalyst component further includes an electron 
donor. 



18 



EP 0 350 170 B1 



10. The catalyst of claim 8 or 9 in which the solid titanium catalyst component (A) is obtainable from a 
titanium compound of the following formula 

Ti(0R) g X4-g 

5 

wherein R represents a hydrocarbon group, X represents a halogen atom and g is a number from 0 
to 4. 

11. The catalyst of any one of claims 8 to 10 in which the organoaluminium compound (B) is an 
w organoaluminium compound having at least one aluminium-carbon bond in the molecule. 

Claims for the following Contracting State : ES 

1. A polymerization process which comprises polymerizing or copolymerizing olefins in the presence of 
75 an olefin polymerization catalyst formed from 

(A) a solid titanium catalyst component containing magnesium, titanium and halogen as essential 
ingredients, 
- (B) an organoaluminium compound, and 
(C) an organosilicon compound represented by the following formula (II) 

20 

SiR 21 R£ 2 (OR 23 ) 3 -m 

wherein R 21 represents a cyclopentyl group; a cyclopentenyl group; a cyclopentadienyl group; a 
cyclopentyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms, an alkyl group 
25 having 2 to 4 carbon atoms substituted by a cyclopentyl group which may be substituted by 1 to 4 

alkyl groups having 1 to 4 carbon atoms; a cyclopentenyl group substituted by 1 to 4 alkyl groups 
having 1 to 4 carbon atoms; a cyclopentadienyl group substituted by 1 to 4 alkyl groups having 1 to 
4 carbon atoms; or an indenyl, indanyl, tetrahydroindenyl or fluorenyl group which may be 
substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms; 
30 R 22 and R 23 , which may be identical or different, each represents a hydrocarbon group; and 

0£m<3 

2. The process of claim 1 in which the solid titanium catalyst component further includes an electron 
donor. 

35 

3. The process of claim 1 or 2 in which the solid titanium catalyst component (A) is obtained from a 
titanium compound of the following formula 

Ti(OR)gX4- g 

40 

wherein R represents a hydrocarbon group, X represents a halogen atom and g is a number from 0 
to 4. 

4. The process of any one of the preceding claims in which the organoaluminium compound (B) is an 
45 organoaluminium compound having at least one aluminium-carbon bond in the molecule. 

5. The process of any one of the preceding claims wherein the olefins to be polymerized or copolymeriz- 
ed are alpha-olefins having 2 to 20 carbon atoms. 

so 6. The process of any one of the preceding claims in which the olefins to be polymerized or copolymeriz- 
ed are propylene, 1-butene or a monomeric mixture of alpha-olefins containing more than 50% by 
weight of propylene and/or 1-butene. 

7. The process of any one of the preceding claims in which the olefins to be copolymerized are a mixture 
55 of propylene with 7 to 50 mole % of an alpha-olefin having 2 or 4-20 carbon atoms. 

8. A process for preparing an olefin polymerization catalyst which comprises contacting the following 
components (A), (B) and (C): 
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(A) a solid titanium catalyst component containing magnesium, titanium and halogen as essential 
ingredients, 

(B) an organoaluminium compound, and 

(C) an organosilicon compound represented by the following formula (II) 

5 

SiR 21 R* 2 (OR*3) 3 _ m 

wherein R 21 represents a cyclopentyl group; a cyclopentenyl group; a cyclopentadienyl group; a 
cyclopentyl group substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms, an alkyl group 
10 having 2 to 4 carbon atoms substituted by a cyclopentyl group which may be substituted by 1 to 4 

alkyl groups having 1 to 4 carbon atoms; a cyclopentenyl group substituted by 1 to 4 alkyl groups 
having 1 to 4 carbon atoms; a cyclopentadienyl group substituted by 1 to 4 alkyl groups having 1 to 
4 carbon atoms; or an indenyl, indanyl, tetrahydroindenyl or fluorenyl group which may be 
substituted by 1 to 4 alkyl groups having 1 to 4 carbon atoms; 
is R 22 and R 23 , which may be identical or different, each represents a hydrocarbon group; and 

0£m<3 

9. The process of claim 8 in which the solid titanium catalyst component further includes an electron 
donor. 

20 

10. The process of claim 8 or 9 in which the solid titanium catalyst component (A) is obtainable from a 
titanium compound of the following formula 

Ti(OR) g X4-g 

25 

wherein R represents a hydrocarbon group, X represents a halogen atom and g is a number from 0 
to 4. 

11. The process of any one of claims 8 to 10 in which the organoaluminium compound (B) is an 
30 organoaluminium compound having at least one aluminium-carbon bond in the molecule. 

Patentanspriiche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

35 1. Polymerisationsverfahren, das das Polymerisieren oder Copolymerisieren von Olefinen In Gegenwart 
eines Olefin- Poly merisationskatalysators umfaBt, der gebildet wird aus 

(A) einer festen Titan- Katalysatorkomponente, die Magnesium, Titan und Halogen als wesentliche 
Bestandteile enthalt, 

(B) einer Organoaluminium-Verbindung und 

40 (C) einer Organosilicum-Verbindung, dargestellt durch die folgende Formel (II) 

SiR 21 R 22 (OR 2 3) 3 . m 

worin R 21 eine Cyclopentylgruppe; eine Cyclopentenylgruppe; eine Cyclopentadienylgruppe; 

45 eine Cyclopentylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 

aufweisen, einer Alkylgruppe mit 2 bis 4 Kohlenstoffatomen, substituiert mit einer Cyclopentylgrup- 
pe, die mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; eine 
Cyclopentenylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen; 
eine Cyclopentadienylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 

so aufweisen; oder eine Indenyl-, Indanyl-, Tetrahydroindenyl- oder Fluorenylgruppe, die mit 1 bis 4 

Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; darstellt, 

R 22 und R 23 , die gleich oder verschieden sein konnen, jeder eine Kohlenwasserstoffgruppe 
darstellt und 
0£m < 3 ist. 

55 

2. Verfahren nach Anspruch 1 , in dem die feste Titan-Katalysatorkomponente zusatzlich einen Elektronen- 
donator einschlieflt. 



20 



EP 0 350 170 B1 



3. Verfahr n nach Anspruch 1 Oder 2, in dem die teste Titan-Katalysatorkomponente (A) aus einer Titan- 
Verbindung der folgenden Formel erhalten wird 

Ti(OR) g X4- 9 

5 

worin R eine Kohlenwasserstoffgruppe darstellt, X stellt ein Halogenatom dar, und g ist eine Zahl 
von 0 bis 4. 

4. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die Organoaluminium-Verbindung 
10 (B) eine Organoaluminium-Verbindung ist, die mindestens eine Aluminium-Kohlenstoff-Bindung in dem 

Molkul aufweist. 

5. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die zu polymerisierenden Oder 
copolymerisierenden define a-Olefine mit 2-20 Kohlenstoffatomen sind. 

75 

6. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die zu polymerisierenden Oder 
copolymerisierenden define Propylen, 1-Buten Oder ein monomeres Gemisch von a-Olefinen sind, die 
mehr als 50 Gew-% Propylen und/oder 1-Buten enthalten. 

20 7. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die zu copolymerisierenden 
define ein Gemisch aus Propylen mit 7 bis 50 Mol-% eines a-Olefins sind, das 2 Oder 4 - 20 
Kohlenstoffatome aufweist. 

8. Olefin-Poymerisationskatalysator, gebildet aus 

25 (A) einer festen Titan-Katalysatorkomponente, die Magnesium, Titan und Halogen als wesentliche 

Bestandteile enthalt 

(B) einer Organoaluminium-Verbindung und 

(C) einer Organosilicium-Verbindung, dargestellt durch die folgende Formel (II) 

30 SiR*R22 (0 R23) 3 _ m 

worin R 21 eine Cyclopentylgruppe; eine Cyclopentenylgruppe; eine Cyclopentadienylgruppe; 
eine Cyclopentylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 
aufweisen, einer Alkylgruppe mit 2 bis 4 Kohlenstoffatomen, substituiert mit einer Cyclopentylgrup- 

35 pe, die mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; eine 

Cyclopentenylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen; 
eine Cyclopentadienylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 
aufweisen; Oder eine Indenyl-, Indanyl-, Tetrahydroindenyl- Oder Fluorenylgruppe, die mit 1 bis 4 
Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; darstellt, 

40 R 23 und R 23 , die gleich Oder verschieden sein konnen, jeder eine Kohlenwasserstoffgruppe 

darstellt und 
O^rn < 3 ist. 

9. Katalysator nach Anspruch 8, in dem die feste Titan-Katalysatorkomponente zusatzlich einen Elektro- 
45 nendonator einschlieQt. 

10. Katalysator nach Anspruch 8 oder 9, in dem die feste Titan-Katalysatorkomponente (A) aus einer Titan- 
Verbindung der folgenden Formel erhaltlich ist 

so Ti(OR) g X4- fl 

worin R eine Kohlenwasserstoffgruppe darstellt, X stellt ein Halogenatom dar, und g ist eine Zahl 
von 0 bis 4. 

55 11. Katalysator nach irgendeinem der Anspruche 8 bis 10, in dem die Organoaluminium-Verbindung (B) 
eine Organoaluminium-Verbindung ist, die mindestens eine Aluminuim-Kohlenstoff-Bindung in dem 
Molekiil aufweist. 
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Patentansprtiche fur folgenden Vertragsstaat : ES 

1. Polymerisationsverfahren, das das Polymerisieren Oder Copolymerisier n von Olefinen in Gegenwart 
eines Olefin-Polymerisationskatalysators umfaBt, der gebildet wird aus 

5 (A) einer festen Titan- Katalysatorkomponente, die Magnesium, Titan und Halogen als wesentliche 

Bestandteile enthalt, 

(B) einer Organoaluminium-Verbindung und 

(C) einer Organosilicium-Verbindung, dargestellt durch die folgende Formel (II) 
w SiR 21 Ftf 2 (OR23) 3 _ m 

worin R 21 eine Cyclopentylgruppe; eine Cyclopentenylgruppe; eine Cyclopentadienylgruppe; 
eine Cyclopentylgruppe, substituiert mil 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 
aufweisen, einer Alkylgruppe mit 2 bis 4 Kohlenstoffatomen, substituiert mit einer Cyclopentylgrup- 

75 pe, die mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; eine 

Cyclopentenylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen; 
eine Cyclopentadienylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 
aufweisen; oder eine Indenyl-, Indanyi-, Tetrahydroindenyl- oder Fluorenylgruppe, die mit 1 bis 4 
Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; darstellt, 

20 R 22 und R 23 , die gleich oder verschieden sein kdnnen, jeder eine Kohlenwasserstoffgruppe 

darstellt und 
0£m < 3 ist. 

2. Verfahren nach Anspruch 1 , in dem die feste Titan- Katalysatorkomponente zusatzlich einen Elektronen- 
25 donator einschlieflt. 

3. Verfahren nach Anspruch t oder 2, in dem die feste Titan-Katalysatorkomponente (A) aus einer Titan- 
Verbindung der folgenden Formel erhalten wird 

30 Ti(OR)gX^ B 

worin R eine Kohlenwasserstoffgruppe darstellt, X stellt ein Halogenatom dar, und g ist eine Zahl 
von 0 bis 4. 

35 4. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die Organoaluminium-Verbindung 
(B) eine Organoaluminium-Verbindung ist, die mindestens eine Aluminium-Kohlenstoff-Bindung in dem 
Molkul aufweist 

5. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die zu polymerisierenden oder 
40 copolymerisierenden Olefine a-Olefine mit 2 - 20 Kohlenstoffatomen sind. 

6. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die zu polymerisierenden oder 
copolymerisierenden Olefine Propylen, 1-Buten oder ein monomeres Gemisch von a-Olefinen sind die 
mehr als 50 Gew.-% Propylen und/oder 1-Buten enthalten. 

45 

7. Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die zu copolymerisierenden 
Olefine ein Gemisch aus Propylen mit 7 bis 50 Mol-% eines a-Olefins sind, das 2 oder 4 - 20 
Kohlenstoffatome aufweist. 

so 8. Verfahren zur Herstellung eines Olefin-Poymerisationskatalysators, der das Zusammenbringen der 
folgenden Komponenten (A), (B) und (C) umfaBt 

(A) einer festen Titan-Katalysatorkomponente, die Magnesium, Titan und Halogen als wesentliche 
Bestandteile enthalt 

(B) einer Organoaluminium-Verbindung und 

55 (C) einer Organosilicium-Verbindung, dargestellt durch die folgende Formel (II) 

SiR^R* 2 (OR 2 V m 
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worin R 21 eine Cyclopentylgrupp ; eine Cyclopentenylgruppe; ein Cyclopentadienylgrupp ; 
eine Cyclopentylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 
aufweisen, einer Alkylgruppe mit 2 bis 4 Kohlenstoffatomen, substituiert mit einer Cyclopentylgrup- 
pe, die mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; eine 

5 Cyclopentenylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen; 

eine Cyclopentadienylgruppe, substituiert mit 1 bis 4 Alkylgruppen, die 1 bis 4 Kohlenstoffatome 
aufweisen; oder eine Indenyl-, Indanyh Tetrahydroindenyl- Oder Fluorenylgruppe, die mit 1 bis 4 
Alkylgruppen, die 1 bis 4 Kohlenstoffatome aufweisen, substituiert sein kann; darstellt, 

R 22 und R 23 , die gleich oder verschieden sein k6nnen, jeder eine Kohlenwasserstoffgruppe 

10 darstellt und 

0£m < 3 ist. 

9. Verfahren nach Anspruch 8, in dem die feste Titan-Katalysatorkomponente zusatelich einen Elektronen- 
donator einschlieBt. 

10. Verfahren nach Anspruch 8 oder 9, in dem die feste Titan-Katalysatorkomponente (A) aus einer Titan- 
Verbindung der folgenden Formel erhaltlich ist 

Ti(0R) g X4- g 

20 

worin R eine Kohlenwasserstoffgruppe darstellt, X stellt ein Halogenatom dar, und g ist eine Zahl 
von 0 bis 4. 

11. Verfahren nach irgendeinem der Anspriiche 8 bis 10, in dem die Organoaluminium-Verbindung (B) eine 
25 Organoaluminium-Verbindung ist, die mindestens eine Aluminuim-Kohlenstoff-Bindung in dem Molekul 

aufweist. 

Revendicatlons 

Revendicatlons pour les Etats contractants sulvants : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

30 

1. Proc£d6 de polymerisation qui comprend le fait de faire polymeViser ou copolymeViser des defines en 
presence d'un catalyseur de polymerisation d'olSfines, forme* de 

A) un composant solide de catalyseur au titane, contenant du magnesium, du titane et un halogene, 
en tant que constituants essentiels, 
35 B) un compose* organique de I'aluminium, et 

C) un compose* organique du silicium, represents par la formule suivante (II) 

SiR^R^OR^h-m 

40 dans laquelle 

R 21 reprSsente un groupe cyclopentyle ; un groupe cyclopent6nyle ; un groupe cyclopentadie*nyle ; 
un groupe cyclopentyle substituS par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone 
; un groupe alkyle comportant de 2 a 4 atomes de carbone et substitue* par un groupe cyclopentyle 
qui peut etre substitue" par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; un 
45 groupe cyclopentSnyle substitue par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone 

; un groupe cyclopentadi^nyle substitue par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de 
carbone ; ou un groupe inde*nyle t indanyle, tetrahydroindenyle ou fluorSnyle, qui peut §tre substitue* 
par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; 

R 22 et R 23 , qui peuvent dtre identiques ou diffdrents, represented chacun un groupe hydrocarbon^ ; 
so et 

0 £ m < 3. 

2. Proc£d6 conforme a la revendication 1, dans lequel le composant solide de catalyseur au titane 
contient en outre un donneur d*'lectrons. 

55 

3. Proc£de" conforme a la r vendication 1 ou 2, dans lequel le composant solide de catalyseur au titane 
(A) est obtenu a parti r d'un compose" du titane correspondant a la formule suivante : 
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TKORVQ-g 

dans laquelle R represente un groupe hydrocarbone, X represente un atome d'halogene, et g 
represente un nombre valant de 0 a 4. 

4. Procede con forme a Tune des revendications precedentes, dans lequel le compost organique de 
raluminium (B) est un compose* organique de Paluminium dont la molecule comporte au moins une 
liaison carbone-aluminium. 

5. Procede conforme a Tune des revendications precedentes, dans lequel les defines polym^ris^es ou 
copolym^ris^es sont des alpha-oiefines comportant de 2 a 20 atomes de carbone. 

6. Procede conforme a Tune des revendications precedentes, dans lequel les olefines polymerisees ou 
copolym^risees sont du propylene, du 1-butene ou un melange de monomeres de type alpha-olefine 
contenant plus de 50 % en poids de propylene et/ou de 1-butene. 

7. Procede conforme a Tune des revendications precedentes, dans lequel les olefines copolyrneVisees 
sont du propylene melange avec de 7 a 50 % en modes d'une alpha-oldfine comportant 2 ou de 4 a 
20 atomes de carbone. 

8. Catalyseur de polymerisation d'oiefines, forme de 

A) un composant solide de catalyseur au titane, contenant du magnesium, du titane et un halogene, 
en tant que constituants essentiels, 

B) un compose* organique de I'aluminium, et 

C) un compose" organique du silicium, represente" par la formule suivante (II) 
SiR2iR22 m (OR«) 3 - m 

dans laquelle 

R 21 represente un groupe cyclopentyle ; un groupe cyclopentenyle ; un groupe cyclopentadiSnyle ; 
un groupe cyclopentyle substitue par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone 
; un groupe alkyle comportant de 2 a 4 atomes de carbone et substitue par un groupe cyclopentyle 
qui peut etre substitue par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; un 
groupe cyclopentenyle substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone 
; un groupe cyclopentadi^nyle substitue par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de 
carbone ; ou un groupe ind£nyle, indanyle, t6trahydroind6nyle ou fluor6nyle, qui peut etre substitue* 
par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; 

R 22 et R 23 , qui peuvent etre identiques ou differents, represented chacun un groupe hydrocarbone ; 
et 

0 £ m < 3. 

9. Catalyseur conforme a la revendication 8, dans lequel le composant solide de catalyseur au titane 
contient en outre un donneur d*eiectrons. 

10. Catalyseur conforme a la revendication 8 ou 9, dans lequel le composant solide de catalyseur au titane 
(A) peut etre obtenu a partir d"un compose* du titane correspondant a la formule suivante : 

TKORJgX.-g 

dans laquelle R represente un groupe hydrocarbone, X represente un atome d'halogene, et g 
represente un nombre valant de 0 a 4. 

11. Catalyseur conforme a Tune des revendications 8 a 10, dans lequel le compose organique de 
Taluminium (B) est un compose organique de Paluminium dont la molecule comporte au moins une 
liaison carbone-aluminium. 
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Revendlcations pour I'Etat contractant suivant : ES 

1. Procede de polymerisation qui comprend I fait de fair polym^riser ou copolym6riser des oiefines en 
presence d'un catalyseur de polymerisation d'oiefines, forme de 
5 A) un composant solide de catalyseur au titane, contenant du magnesium, du titane et un halogene, 

en tant que constituants essentiels, 

B) un compose* organique de Paluminium, et 

C) un compose* organique du silicium, repr^sente* par la formule suivante (II) 
w SiR2iR22 m (OR23) 3 . m 

dans laquelle 

R 21 reprSsente un groupe cyclopentyle ; un groupe cyclopentenyle ; un groupe cyclopentadi^nyle ; 
un groupe cyclopentyle substitue* par 1 h 4 groupes alkyles comportant de 1 h 4 atomes de carbone 

15 ; un groupe alkyle comportant de 2 a 4 atomes de carbone et substitue* par un groupe cyclopentyle 

qui peut etre substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; un 
groupe cyclopentenyle substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone 
; un groupe cyclopentadi^nyle substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de 
carbone ; ou un groupe indSnyle, indanyle, te'trahydroinde'nyle ou fluor^nyle, qui peut etre substitue* 

20 par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; 

R 22 et R 23 , qui peuvent etre identiques ou differents, represented chacun un groupe hydrocarbon^ ; 
et 

0 £ m < 3. 

25 2. Procede conforme a la revendication 1, dans lequel le composant solide de catalyseur au titane 
contient en outre un donneur d'eiectrons. 

3. Procede conforme a la revendication 1 ou 2, dans lequel le composant solide de catalyseur au titane 
(A) est obtenu a parti r d'un compose" du titane correspondant a la formule suivante : 

30 

Ti(OR) g >Q- g 

dans laquelle R repr^sente un groupe hydrocarbon^, X repr^sente un atome d'halogene, et g 
represents un nombre valant de 0 a 4. 

35 

4. Procede conforme a Tune des revendications precedentes, dans lequel le compost organique de 
1'aluminium (B) est un compose* organique de I'aluminium dont la molecule comporte au moins une 
liaison carbone-aluminium. 

40 5. Procede conforme a Tune des revendications precedentes, dans lequel les defines polymerisees ou 
copolymerisees sont des alpha-oiefines comportant de 2 a 20 atomes de carbone. 

6. Procede conforme a Tune des revendications precedentes, dans lequel les oiefines polymerisees ou 
copolymerisees sont du propylene, du 1-butene ou un melange de monomeres de type alpha-oiefine 

45 contenant plus de 50 % en poids de propylene et/ou de 1-butene. 

7. Procede conforme a Tune des revendications precedentes, dans lequel les defines copolymerisees 
sont du propylene melange* avec de 7 a 50 % en moles d'une alpha-oiefine comportant 2 ou de 4 a 20 
atomes de carbone. 

50 

8. Procede de preparation d'un catalyseur de polymerisation d'oiefines, qui comporte le fait de mettre en 
contact les constituants (A), (B) et (C) suivants : 

A) un composant solide de catalyseur au titane, contenant du magnesium, du titane et un halogene, 
en tant que constituants essentiels, 
55 B) un compose organique de raluminium, et 

C) un compose organique du silicium, represente par la formule suivant (II) 

SiR 21 R 22 m (OR 23 ) 3 . m 
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dans laquelle 

R 21 represents un groupe cyclopentyle ; un groupe cyclopentenyle ; un groupe cyclopentadienyle ; 
un groupe cyclopentyle substitue par 1 a 4 group s alkyles comportant de 1 a 4 atomes de carbone 
; un groupe alkyle comportant de 2 a 4 atomes de carbone et substitue* par un groupe cyclopentyle 
qui peut etre substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; un 
groupe cyclopentenyle substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone 
; un groupe cyclopentadienyle substitue* par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de 
carbone ; ou un groupe ind^nyle, indanyle, t6trahydroind£nyle ou fluor^nyle, qui peut etre substitue* 
par 1 a 4 groupes alkyles comportant de 1 a 4 atomes de carbone ; 

R 22 et R 23 , qui peuvent etre identiques ou diffe* rents, represented chacun un groupe hydrocarbon^; 
et 

0 £ m < 3. 

9. Precede conforme a la revendication 8, dans lequel le composant solide de catalyseur au titane 
contient en outre un donneur d'electrons. 

10. Procede* conforme a la revendication 8 ou 9. dans lequel le composant solide de catalyseur au titane 

(A) peut etre obtenu a partir d'un compose* du titane correspondant a la formule suivante : 

"n(OR) g X4- g 

dans laquelle R represente un groupe hydrocarbon^, X represente un atome d'halogene, et g 
represente un nombre valant de 0 a 4. 

11. Proc^d^ conforme a Tune des revendications 8 a 10, dans lequel le compose* organique de Taluminium 

(B) est un compose* organique de ('aluminium dont la molecule comporte au moins une liaison carbone- 
aluminium. 
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